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I. Quantum optics and quantum informatics
1. Linear quantum harmonic oscillator.

2. Potential well and potential barriers. Tunneling effect from potential barrier. Tunneling effect and reflection above the barrier.
3. Angular momentum in quantum mechanics. Addition of angular momenta. Spin.

4. Magnetic moment: orbital and spin. Stern-Gerlach effect.
5. Hydrogen atom. Spectrum and wave functions.
6. Two body problem in quantum mechanics.
7. Stationary perturbation theory. Zeeman effect.
8. Time-dependent perturbation theory. Two-level system. Rotating wave approximation. Rabbi oscillations.
9. System of identical particles. Pauli principle. Helium atom.
10. Adiabatic evolution. Quantum transitions between crossing levels. Landau-Zener model.
11. Three-levels systems. Dark states. Stimulated Raman adiabatic process.
12. Systems with degenerated states. Morris - Shore transformation.

13. Density matrix, Liouville equation, Bloch vector. Spontaneous emission and dephasing processes.
14. Electromagnetically-induced transparency, 'slow' and 'fast' light, lasing without inversion.

15. Relativistic quantum mechanics. Klein-Gordon equation, Klein paradox. Dirac equation.
Literature:

1. L. Landau, M. Lifshits, Quantum mechanics (Pergamon Press, Oxford, 1991)
2. B.W. Shore, The Theory of Coherent Atomic Excitation (Wiley, New York, 1990).

3. L. Allen and J.H. Eberly, Optical Resonance and Two-Level Atoms (Dover, New York, 1987).

II. Atomic and molecular physics. Optics.
1. Electron spin. Spin-orbit interaction. Fine structure i the spectra of alkali metals.
2. Electronic structure of Helium atom.
3. Nuclear spin. Hyperfine structure. Example - Rubidium atom.
4. Atomic spectra. Transition probability. Selection rules.
5. Zeeman effect. Stark effect.
6. Interactions of two neutral atoms at long distances. Dispersion coefficients СЗ, С5, С6.

7. Diatomic molecule. Born-Oppenheimer approximation. Potential energy curves.
8. Classification of electronic states of diatomic molecules.
9. Homo- and heteronuclear diatomic molecules.

10. Vibrational and rotational structure of diatomic molecules.
11. Molecular spectra. Selection rules. Frank-Condon principle.
12. Electronic spectra. Vibrational. Vibrational and rotational spectra.
13. Physical vacuum. Lifetime of atomic states. Lamb shift.

14. Main dispersion elements: prism, diffraction grating, interference filter. Spectrographs and monochromators. Main parameters and areas of application.
15. Interferometers. Mach-Zender, Michelson, Fabry-Perrot. Comparison of a plane and a confocal Fabry-Perrot interferometers.
16. Detectors: photomultipliers, photodiodes, avalanche photodiode. Main parameters, and cirquits.
17. Foundations of lasers. Active media with 3 and 4 levels. Mode structure of laser radiation.
18.  Tunable lasers. Selective resonators with prisms, gratings and etalons.  Single mode operation - selection of a single longitudinal mode.
19.  Main characteristics of gas (Не-Nе, Аг+, excimer), solid state (Nd:YAG, Тi:Al2 O3),  dye and semiconductor lasers.

20.  Line width and profile of spectral lines. Homogenous broadening. Doppler broadening. Voigt profile. Collisional broadening and saturation.
21. Absorption laser spectroscopy. Laser-induced fluorescence,
22. Optogalvanic spectroscopy.
23. Saturation laser spectroscopy. Polarization laser spectroscopy.
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